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Abstract 
Use of flat plate collectors is significantly limited in desert areas, which presents the contrast of low 
temperatures in winter close to 0˚C, and high temperatures in summer above 40˚C. Mexicali, Baja 
California has a good availability of solar radiation, 5.72kWh/m2/day, but it has a semidesert climate. 
Suppliers of these technologies do not include these zones as target markets, and therefore the 
performance of these systems in extreme climates is not very known, and so do regard the problems for 
the installation and design drawbacks. The present work shows the technical-economic evaluation about 
the performance of flat plate collectors for water heating, an outlook of economic and environmental 
benefits, considering its potential to be use in residential and hotel sectors in Mexicali, Baja California. 
The analysis was performed with data from a field monitored system during one year, to observe and 
record information of relevant variables for the performance of solar heater, such as ambient temperature, 
wind speed and solar radiation, which were obtained from weather stations located in Calexico, 
California, USA, and Comision Nacional del Agua in Mexicali, Mexico. Also, temperatures in the 
collector’s fluid and in the storage tank were measured and recorded at 5 minutes intervals using a data 
acquisition system. This information allowed to predict the system’s performance for a greater capacity 
throughout a year, relating the most relevant system variables. The solar heater showed a good 
performance in winter, keeping an average of 40˚C in the storage tank and in summer a minimum 
temperature of 60˚C and maximum up to 85˚C. From the above, an economic analysis was generated 
considering the current market potential in residential and hotel sectors in Mexicali, which translates into 
savings of 33%, at least in conventional energy consumption and estimated payback in four years for the 
Hotel’s case.  Energy savings for residential case is about 80% and the investment return is approximately 
5 years, because in desert areas the greater demand of hot water occurs in winter. In conclusion, solar 
water heater performance is adequate for residential and hotel applications in desert areas and its hot 
water production is enough for remunerable use of solar collectors under specific and well defined 
scenarios. 
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1. Introduction. 
Mexicali city is located in Baja California, northwest of Mexico. It is characterized by high 
temperatures during summer and low temperatures in winter (Fig. 1). Therefore, there is an increased use 
of hot water during the winter season, from October to April. Table 1 show that the average solar radiation 
available in Mexicali is about 5.8 kWh/m2-day [1], which allows to consider using of flat plate collectors. 
The hotel industry requires hot water throughout the year even during low seasons or during months when 
demand is lesser. The average of hot water use per guest is 300 l/day [2], and its use increases mostly in 
winter when the use of hot water and LPG increases. Consumption in residential sector varies in each case 
and the average for hot water is 30 l/day, considering a temperature of 60˚C in both cases. 
Fig. 1. Temperatures for Mexicali during a year. Source: Weather station from El Centro, Ca., US, 2012. 
 
Table 1. Solar global radiation average for Mexicali, 2012. Source: Reportes de insolacion de Mexico, Southwest 
technology development institute, New Mexico State University, 1999. 
 
Global Rad kWh/m2-day 
Month Rad Month Rad 
JAN 4.1 JUL 7 
FEB 4.4 AUG 6.1 
MAR 5 SEP 5.9 
APR 5.6 OCT 5.5 
MAY 6.6 NOV 4.5 
JUN 7.3 DEC 3.9 
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Some studies about the performance of flat plate collector tests have been carried out. These tests were 
conducted with control of the inlet and outlet temperatures of the collector and in periods of 200 min of 
exposure of the dispositive to sunlight, regulated the last one between 490 and 905 W/m2. Laboratory tests 
have the advantage to control the main variables like radiation and fluid flow. However, the actual 
working conditions depend on the hot water user behavior of hot water, which is a determining factor for 
the solar water heater operation [3]. 
2. Study case. 
The flat plate solar collectors are not considered in regions with conditions such as those that occur in 
Mexicali, so a study was conducted about the performance of solar water heater in real conditions in this 
city. For the study case, two collectors were placed into two houses, with the aim to observe their 
behavior in real operating conditions and also the weather effects. 
The case of a hotel was analyzed using information of water and LPG consumption (Fig. 2). In 
Mexicali exist 22 hotels ranked from one to five stars[4], which can realize significant energy savings in 
short time periods, if use solar collectors. Hot water consumption in the case of hotels depends on the 
number of occupants per room; in Mexicali, total hotel rooms are 2,244 and the average occupation of 
rooms was 1,174 (52%) in 2012 [5]. 
 
 
Fig. 2. Monthly use of water and LPG in analyzed Hotel. Source: Maintenance department, Araiza hotel 2011. 
 
3. Methodology 
To determine the performance of flat plate collectors, the main variables must be measured. The 
temperature at the inlet and outlet of the manifold is critical to determine the gain of energy, the 
temperature in the tank is important for estimating the energy stored, and also the environmental 
conditions of temperature and radiation are needed to establish the relationship with the performance of 
the collector. Continuous monitoring allows observing behaviors for 24 hours, especially overnight [6]. 
For this study a monitoring was carried out to record the behavior of temperatures in the flat plate solar 
water heater, solar radiation available and hot water consumption (Table 3a). Two flat plate solar 
collectors were installed without pumping system (Table 3b), and the data were recorded using 5 minute 
intervals during the winter and summer months in 2012. 
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Table 3: (a) Monitoring description, (b) Flat plate solar collector details. 
 
a) Variable Description  b) Flat plate collector  
Temperature DAVIS Weather station  Area 2m2 
Solar radiation DAVIS Weather station  Pump No pump 
Collector temperatures AGILENT Data acquisition system  Slope 25° 
Hot water use T-Minol pulses flowmeter  Hot water tank 150 Lts 
   Azimut angle South 
  
The instrumentation consisted of placing type K thermocouples inside the pipe of the inlet and outlet 
manifolds, one more thermocouple in the storage tank of hot water, and a flow meter with pulse signals to 
estimate the amount of water consumed of the thermal tank (Fig.3.1). 
 
Fig. 3.1. Instrumentation of solar water heater system. 
 
The environmental variables like temperature and radiation were measured and recorded using a 
DAVIS portable weather station, programmed to record data every 10 minutes.  
The solar collector was simulated in RETScreen-SWH to estimate the thermal energy gain during a 
year while the collector slope was set to 25˚ and 60˚, to determine the most appropriate slope angle 
according to the peak period of hot water demand for residential and for hotels.  
Using the Liu-Jordan method for anisotropic sky [7], we calculate the radiation incident on the surface 
of the collector for slope angles of 25˚ and 60˚. Figure 3.2 show that the slope angle which maximizes the 
energy gain during the winter season is 60˚. 
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Fig. 3.2. Solar radiation on the surface with different collector slopes. 
4. Results 
From the data recorded of the flat plate collector, it was found that the system installed with an slope 
of 25˚, the temperatures reached in winter were approximately 45˚C (Fig. 4.1), and in summer around 
60˚C (Fig. 4.2) when the collector had been covered 60%, for overheat protection, and maximum 
temperatures above 80˚C when the collector had been totally exposed to solar radiation. 
 
Fig. 4.1. Temperatures in flat plate solar collector in a day on February. 
Fig. 4.2. Temperatures in flat plate solar collector on May. 
 
In order to get enough data to analyze the fluid temperature rise in the collector, it was necessary to 
measure critical variables such as solar radiation and ambient temperature at small interval, as 5 minutes. 
The thermal performance of the collectors allows establishing that at higher ambient temperature, the 
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temperature rise of the fluid is lesser [8]. As it can see in the figures 4.1 and 4.2, the temperature 
differences between inlet and outlet are lower in May than in February. 
The flat plate collector gathers a greater amount of energy in winter season when placed at a slope of 
60˚, for this case was approximately 0.65 MWh /year. When the collector is tilted at 25˚, is obtained 
approximately 0.63 MWh / year of energy. 
Considering the price of LPG of 10.7 $MXN/kg in Mexicali [9], the contribution estimated of a solar 
water heather with a surface of 2m2 is about 80% of the hot water demand for houses, in that case the 
recovery period is 4.5 years when investment is 14,000 $MXN. For the analyzed hotel case, considering 
to install 64m2 of flat plate solar collectors with an investment of 458,000 $MXN, the ROI is about four 
years, and the energy solar contribution is 33% [10]. 
The collector performance through the months is shown in figure 4.3, the water temperature raises in 
January up to 20˚C, while in May the increases are close to 15˚C. The temperature in the tank augments 
(Fig. 4.3), and also the ambient temperature (Fig 4.4), which has a direct relationship with the radiation 
available as shown in figure 4.5. The temperature in the collector inlet is always lower than the collector 
output during the hours of sunlight [6]. 
 
Fig. 4.3 Temperatures in collector and tank during 24 hours for different months. 
Fig. 4.4 Ambient temperature during 24 hours for 5 different dates. 
Fig. 4.5. Solar radiation for the 5 different dates observed. 
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For residential hot water demand is required maximize the collector’s energy gain throughout winter, 
which means to increase hot water supply from October to March optimizing the collector’s performance. 
The heated water in collector’s outlet can be dangerous when reaches temperatures up to 80°C, which 
occurs during summer. An option to reduce overheating risk is the use of a cover on the flat plate 
collector to minimize energy gain, this allows the system keep hot water at 60°C. The use of a cover like 
sailcloth to reduce direct insolation is a good option, and generates a total or partial shadow depending of 
the outlet temperature from collector. This can keep the higher temperatures between 60°C and 70°C 
without risk for users and system. 
As a result of one year of operation, the solar water system presented sediments into the hot water tank, 
and inlays into pipes. This can reduce the life time of the system significantly, so the use of a closed 
system will be necessary for some cases. 
 
5. Conclusions 
Based on the observed behavior of flat plate collectors in the winter season, it is concluded that meets 
the objective of heating water to temperatures close to 40°C, this result is useful for residential sector 
case. It is also concluded that to optimize the energy gain of the collector during winter months, it is 
necessary to place it, with a slope of 60 degrees, which allow get better hot water temperatures during the 
winter. 
In the case of the solar collectors use in residential sector, are achieved significant energy savings, and 
for the hotel industry the benefits are greater, because the hot water demand is constant throughout the 
year, the last ones, can save at least 33% of LPG consumption for water heating. 
Sediments and inlays can damage the solar system if there isn’t appropriate and continuous service. 
The water quality is a problem, because it has too much salts, so this cause pipe’s deterioration. For 
residential cases, to avoid risk and damage of the solar system, user may stop using the collector due the 
hot water demand in summer is too low. For hotels cases, even if is low season, there will be hot water 
consumption, so the solar system can remain working without risks, but keeping continuous maintenance. 
Finally, flat plate collectors are safe and capable to provide a good hot water service in residential and 
hotel sectors, allowing users to save energy for at least 15 years. 
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